Mating stacks have been widely documented in calyptraeid slipper limpets, which are protandric and exhibit sequential hermaphroditism. Gigantopelta is a genus of peltospirid snails endemic to deep-sea hydrothermal vents containing two species, one distributed on the East Scotia Ridge in the Southern Ocean and another on the Southwest Indian Ridge in the Indian Ocean. Here, we report the observation that both species form extensive (often >15 individuals) snail chains . These chains are potentially analogous to mating stacks of calyptraeids, or alternatively, maybe a behaviour to facilitate spermatophore transfer. Both Gigantopelta species apparently have separate sexes and are sexually mature at a small size. However, it remains unclear whether they undergo sex change during their life.
Deep-sea hydrothermal vents are challenging environments for animals because of various environmental stresses, such as increased temperature, heavy metal concentrations, and decreased oxygen concentration, when compared with the surrounding deep-sea floor (Van Dover 2000) . The life history of vent-endemic animals has been studied extensively in the past few decades, but much remains to be learned about the reproductive ecology of newly discovered species. The recently described genus Gigantopelta (Mollusca: Gastropoda: Neomphalina) is currently composed of two species endemic to abyssal hydrothermal vents: Gigantopelta chessoia Chen et al., 2015 from the Southern Ocean and Gigantopelta aegis Chen et al., 2015 from the Indian Ocean ( Fig. 1 ; Chen et al., 2015a) . These are very large peltospirid snails that rely on sulfur-oxidizing endosymbionts for nutrition (Heywood et al. 2017) , with the shell length of adults averaging around 35 mm.
Here, we report that both species were observed to form peculiar long chains, hanging upside-down from hydrothermal outcrops (Fig. 2) . The chains were variable in length, and ranged from as few as four individuals to more than 15 individuals. This observation was made for G. chessoia at Segment E2, East Scotia Ridge (depth 2395 m; 60°03.00′S 29°57.66′W) using the remotely operated vehicle (ROV) Isis on-board RRS James Cook voyage JC42 ) and for G. aegis at Longqi Field, Southwest Indian Ridge (depth 2770 m; 37°47.03′S 49°38.97′E) by the ROV Kiel 6000 during RRS James Cook voyage JC67 (Copley et al. 2016) . About a dozen chains were observed for each species in their natural environment. No samples of the chain series were obtained.
These chains are reminiscent of stacking snail chains widely documented in the protandric slipper limpets belonging to Calyptraeidae, such as Crepidula fornicata (Linnaeus, 1758) and Bostrycapulus odites Collin, 2005 (Cledón et al. 2015 . In those species, mature female limpets are at the bottom of the stack, with copulatory young males above them that transform to females in their later life stages; the chain grows with the settlement of successive young males. Although Gigantopelta spp. apparently have separate sexes and are already sexually mature at a small size of ca. 3 mm shell length , no further details are available as to whether they undergo any sex change during their lives. In addition, no differences in size were observed across the chain. Matabos & Thiebaut (2010) studied the reproductive biology of three peltospirids belonging to genera Nodopelta and Peltospira, but they could not determine the minimum maturity size because of the lack of small animals among their specimens. They noted, however, that females of Nodopelta spp. began reproducing at around half the maximum size for the species.
The scaly-foot gastropod Chrysomallon squamiferum Chen et al., 2015 is the only other peltospirid that certainly relies on endosymbiont for nutrition (Nakagawa et al. 2014 ) and its size ), the right image shows Gigantopelta aegis at the Tiamat chimney, Longqi Vent Field, Southwest Indian Ridge (depth 2770 m; 37°47.03′S 49°38.97′E) (Copley et al. 2016 ). The arrow heads indicate snail chains hanging from the outcrop.
Is it sex in chains?
is similar to that of Gigantopelta; however, it is a simultaneous hermaphrodite (Chen et al. 2015b ). Although C. squamiferum co-occurred with G. aegis at the same site (Longqi Vent Field) on the Southwest Indian Ridge, it was not observed to form snail chains . Except for C. squamiferum, all known peltospirids are gonochoristic (Fretter 1989 , Warén et al. 2003 , Chen et al. 2015b ). All members of Peltospiridae lack a penis, but it has been suggested that they exhibit internal fertilisation from their anatomy (Fretter 1989) . This was confirmed on the basis of the sperm ultrastructure of Rhynchopelta concentrica McLean, 1989 , as its spermatozoa were found to be filiform introsperm (Hodgson et al. 2009 ). Fertilization in this family is known to occur by transfer of spermatophore packets, which has been confirmed in Pachydermia laevis Warén & Bouchet, 1989 (Warén et al. 2003 and C. squamiferum (Chen et al. 2015b) . It is possible that forming snail chains facilitates transfer of spermatophores in aphallic Gigantopelta gastropods, even if they do not undergo sex change.
The greater majority of Gigantopelta spp. snails were not forming snail chains but instead formed clusters around diffuse flow venting ( Fig. 2 ; Marsh et al. 2012) . A clear benefit for this behaviour is that the holobiont snails need to access the hydrothermal fluid containing hydrogen sulfide required by their thioautotrophic endosymbionts to carry out chemosynthesis . However, this behaviour may also have a reproductive aspect to it. The Antarctic limpet Nacella concinna (Strebel, 1908) , for example, is known to form temporary mating stacks prior to spawning to increase fertilisation success (Picken & Allan 1983) . Although Gigantopelta spp. are internal fertilisers, clustering may facilitate copulation or spermatophore transfer, and formation of chains could be an extension of this behaviour.
Whether our present observation of Gigantopelta spp. is a phenomenon equivalent to that found in protandric calyptraids, temporary mating stacks of Nucella concinna, or something else cannot be confirmed without investigation of specimens from a complete chain in the future. However, if it is a behaviour related to reproduction, then will be the first of its kind in hydrothermal vent gastropods.
